INTRODUCTION
The Cactaceae is a large plant family that is essentially restricted to the New World (Gibson and Nobel, 1986) . MeH xico is a major center of diversity for the family as it possesses the largest number of species in the continent (Arias, 1993) . In particular, columnar cacti are physiognomically very important components of the deserts of MeH xico. Fruits of columnar cacti are typically berries that contain hundreds of seeds embedded in a sweet pulp of several colors (Gibson and Nobel, 1986) . These fruits are a very important food resource for bats and birds inhabiting arid land (Fleming and Sosa, 1994; Wolf and MartmH nez del RmH o, 2000) . Depending on the e!ect of their digestive tract, bats and birds may act as seed dispersers or seed predators (GodmH nez, 2000) .
Fruits of columnar cacti are also a very important food resource for people inhabiting the arid zones of MeH xico (Bravo and Scheinvar, 1997) . Since prehistoric times, these fruits have been important elements in the diet of Indian groups of MeH xico (Sanchez-Mejorada, 1982) . Fruits are collected from wild populations by many Indian and non-Indian groups (Felger and Moser, 1985; Paredes et al., 2000) , or from cultivated plants as in Stenocereus queretaroensis (Pimienta-Barrios and Nobel, 1994) and S. stellatus (Casas et al., 1997) . Pulp color varies considerably among cultivated varieties (Pimienta-Barrios and Nobel, 1994) as well as in some wild species (Felger and Moser, 1985) . The pulp of some varieties is acidic, sugars compose 9}11% of their fresh weight and the protein content is extremely low (Pimienta-Barrios and Nobel, 1994) . Seeds are, however, richer in protein content. Seeds from cultivated plants are thought to be readily chewed and digested (Pimienta-Barrios and Nobel, 1994) . In some wild species with larger seeds, seeds are ground and the #our is used in di!erent foods (Gentry, 1942; Felger and Moser, 1985; Paredes et al., 2000) . Seeds of Pachycereus pecten-aboriginum were used to extract oil for cooking (Paredes et al., 2000) . The use of fruits and seeds of columnar cacti among Indian groups is well documented but their nutritional value remains poorly known. Although there have been previous attempts to characterize the protein content and the amino acid composition of seeds of some species (Felger and Moser, 1976; Valencia et al., 1985; Pimienta-Barrios and Nobel, 1995) , no study has attempted a systematic and comprehensive survey of the protein and oil content from seeds of groups of columnar cacti from a region. In this paper, we characterize the protein and oil content in "ve of the most important columnar cacti from the Sonoran desert: Stenocereus thurberi, Carnegiea gigantea, Stenocereus gummosus, Pachycereus pecten-aboriginum and Pachycereus pringlei. Our objective is to characterize the nutritional value of the seeds of the most important species in our region.
MATERIALS AND METHODS

Collection
Fruits of "ve species of columnar cacti were collected from various regions of the Sonoran desert. The distribution of each species within the Sonoran desert is well known (Turner et al., 1995) . Fruits of Pachycereus pecten-aboriginum and Carnegiea gigantea were collected at Rancho San Francisco (28341.91N, 110316.02W), those of Pachycereus pringlei and Stenocereus thurberi were collected at San Nicolas (28349.78N, 111348.37W), whereas those of Stenocereus gummosus were collected at Punta Onah (29305.10N, 112309.47W). Mature fruits from 10 di!erent plants were collected from each species in every site. Once in the lab, fruits were open and the pulp was allowed to air-dry. Seeds were separated from the dried pulp under running water and allowed to air-dry. The number of seeds per fruit was counted and a sample of 100 seeds were weighed to the closest milligram. Seeds from 10 di!erent plants within each species were mixed in order to form a composite sample. Two or three replicates were randomly taken from the composite sample for chemical analysis.
Before grinding, seeds were dried at 373C for 2 h in a Thelco vacuum oven. They were then ground on a Wiley grinder using a 150 m mesh, avoiding overheating in order to prevent oxidation. Ground samples were vacuum-dried for a second time in order to expedite oil extraction.
Oil extraction from each #our was carried out in a Soxhlet apparatus using industrial grade hexane for 6}8 h at 483C (AOAC, 1990) . Crude oil was then recovered at 553C under reduced pressure using a Bausch & Lomb rotavapor. 
Chemical Analysis
Defatted #ours were stored at 43C until used. The nitrogen content of #ours was determined using a micro-Kjeldahl method (AOAC, 1990) . A conversion factor of 6.25 was used to calculate protein content. Crude "ber and ash were determined using the o$cials methods (AOAC, 1990) . Amino acids were analyzed by high-resolution liquid chromatography (Lindroth and Mopper, 1979) . Flours were hydrolyzed with 6 N HCl at 1103C for 24 h under reduced pressure and vacuum. Amino acid analysis was carried out using a derivatization precolumn with o-phthadialdehyde (OPA) in reversed-phase HPLC (model 23250). For cysteine, perchloric acid was used for the oxidation for 12 h, adding bromhydric acid, which later was evaporated under vacuum at 403C; the residue was washed and hydrolyzed as previously described. For tryptophan, an alkaline hydrolysis was carried out with 6 N NaOH at 1103C for 16 h under reduced pressure and vacuum. In each of the samples, the essential amino acid content was measured twice and their values expressed as mg/g of protein for comparison with the amino acid pattern for pre-school children recommended by FAO/WHO (1991) .
Antinutritional Factors
Trypsin inhibitors were determined using the procedure described by Hamerstrand and Black (1981) . Phenols, alkaloids, and saponins were determined using the methods described by Goldstein and Swain (1975) and Waldi and Schnackerz (1973) , whereas cyanogenic glycosides were determined by the method described by Harborne (1984) .
Hemagglutinin Activity
Crude extracts were obtained by extraction of #ours in saline solution, 1:10 (w/v), for 4 h at room temperature and overnight at 43C. Crude extracts were recovered after centrifugation, 20 min at 5000G (Lis and Sharon, 1986) . Hemagglutinin activity was determined by the serial double-dilution method using human B> erythrocytes treated with trypsin (Turner and Liener, 1975) .
In <itro Digestibility
The multienzymatic method was used according to Satterlee et al. (1982) . Digestibility was also analyzed in #ours that received a thermal treatment at 753C for 5 min.
In <ivo Evaluation of Protein Quality of P. pringlei
The protein quality of P. pringlei was analyzed by the method 43.183 from AOAC (1990). Eight weaning Sprague Dawley rats from both sexes were maintained under a controlled temperature of 253C, 50}60% relative humidity and light}dark cycles of 12 h during the experiment. Water and food was provided ad libitum and animals were weighted twice a week. Two treatments were established: one group of eight rats was fed with P. pringlei and another group was fed with a control diet. Diet had 10% protein (Bender and Doell, 1957) , using NRC casein as control for PER and NPR. The composition of the basal diet was: 8.0% corn oil, 2.0% vitamin mixture, 4.0% mineral mixture, 10% protein, 5.0% crude "ber, 59.0% starch and 12.0% carbohydrate. In vivo digestibility was assessed through the analysis of feces from day 14 to day 24. Feces were dried at 503C for 12 h and nitrogen content was determined. Apparent in vivo digestibility (AD) was calculated by the relationship between fecal and ingested nitrogen (Bender and Doell, 1957) :
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;100, where N"nitrogen content.
Oil Physical and Chemical Analysis
The analysis of oils was carried out following the o$cial methods recommended by AOCS (1989) . These methods were: (a) refractive index, Cc 7-25; (b) saponi"cation value Cd 3.25 (c) acid value: 3a-63; (d) peroxide value Cd 8-53 and (e) free fatty acids Ca 5a-40. Iodine value was determined using the Hanus method 228.018 (AOAC, 1990) .
Fatty Acid Analysis
Fatty acids were determined following the Ce-27 method (AOAC, 1990) . Fatty acids were measured by gas chromatography (Perkin-Elmer chromatograph, 8410) using a #ame ionization detector whose sensibility is 2;10-10-10 AFS. A stainless-steel column, 4 ft long and 0.5 in diameter equipped with a DEGS 10% packing on a 80/100 chromosorb W-HP support was used initially at 1903C for 2 min until a "nal temperature of 2203C. Nitrogen was utilized as carrier gas at a #ow rate of 15 mL/min. The detector and injector temperature was 2503C. Data were processed in the chromatograph integrator and all oils were analyzed in duplicated samples.
Statistical Analysis
A one-way ANOVA was used to test for di!erences among species when three replicates were analyzed per species (SAS, 1988) . When signi"cant di!erences were detected among species, means were compared by the Tukey's test.
RESULTS AND DISCUSSION
The number of seeds per fruit ranged from 387$191 (mean$1 S.D.) in P. pectenaboriginum to 1492$406 in P. pringlei (Table 1) . Seed mass of both species of Pachycereus was greater than the seed mass of C. gigantea and both species of Stenocereus (Table 1) . Seed protein content varied from 20.3 to 22.0% among the "ve studied species (Table 2) . Protein content was signi"cantly higher in S. gummosus and P. pringlei than in the other three species. Our results fall within the range of variation that has been previously found in seeds of columnar cacti (Felger and Moser, 1976; Valencia et al., 1985; Pimienta-Barrios and Nobel, 1995) . Protein content in P. pringlei was slightly higher than the value reported by Valencia et al. (1985) . Compared with legume seeds from the Sonoran desert (Ortega-Nieblas et al., 1996) , seeds of columnar cacti have relatively lower protein contents. However, the protein content is quite similar to conventional legume seeds such as peas, beans and chickpeas (Sotelo et al., 1996) . Oil content varied from 28.4 to 30.7% among the studied species (Table 2) . P. pringlei showed signi"cantly higher oil concentration than the other species. Our results on oil content also fall within the range of variation that has been previously detected in seeds of columnar cacti (Felger and Moser, 1976; Valencia et al., 1985; Pimienta-Barrios and Nobel, 1995) . Oil content in P. pringlei was the same as the value reported by Valencia et al. (1985) . However, seeds of columnar cacti have signi"cantly higher oil content than the seeds of desert legumes (Ortega-Nieblas et al., 1996) . Ash content ranged from 3.1 to 4.3% among the species, where P. pecten-aboriginum exhibited the maximum value ( Table 2 ). The observed range of variation indicates that these seeds may be good sources of minerals such as iron, potassium, calcium, zinc, magnesium and potassium (Meiners and Berry, 1976) . Crude "ber varied from 1.5 to 2.3% among species. These values are lower than those observed among seeds of legumes from the Sonoran desert (Ortega-Nieblas et al., 1996) . The concentration of assimilable carbohydrates was calculated by di!erence and ranged from 44.7 to 49.3% among the studied species (data not shown). In summary, seeds of columnar cacti from the Sonoran desert show a relatively high content of proteins and oils.
The studied species showed a high content of essential amino acids such as methionine, cysteine, isoleucine, phenylalanine, valine, threonine and tryptophan and relatively low values of lysine and leucine when compared to the requirements for pre-school children as recommended by FAO/WHO (1991, Table 3 ). In particular, the sulfur containing amino acids, methionine and cysteine showed almost twice the value required by pre-school children, while the limiting amino acids among the "ve studied species were lysine and leucine, with values below the recommended level for human consumption (Table 3 ). The amino acid composition in the "ve species was similar to the composition reported for P. pringlei by Valencia et al. (1985) . However, the composition was quite di!erent from the one reported for legume seeds from the Sonoran desert as these legumes are low in sulfur containing amino acids and have low levels of isoleucine, tryptophan and threonine (Ortega-Nieblas et al., 1996) . When compared with conventional cereals, cactus seeds were richer in methionine, cysteine and tryptophan while a comparison with conventional legumes reveals that cacti have greater levels of methionine, cysteine, phenylalanine and tryptophan (Table 3) . Thus, the amino acid composition indicates that seeds of columnar cacti are rich sources of sulfur containing amino acids.
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In vitro digestibility tests showed that digestibility values were in general similar to the casein control (Table 4) . P. pringlei and C. gigantea showed maximum values. In general, the thermal treatment increased the digestibility of all #ours (Table 4) .
The level of trypsin inhibitors was within the acceptable range (40}60 TIU) except for both species of Pachycereus (Table 5) Note: Mean values within each column followed by the same letters are not signi"cantly di!erent at P(0.05. TIU, trypsin inhibitors international units; HT, hemagglutinin titer with B# erythrocytes; #, detected; *, not detected.
mg/100 g.
TABLE 6
In vivo digestibility of protein from seeds of Pachycereus pringlei (n"2) the critical value of 6%. The presence of alkaloids and lectins was detected, although their biological activity was low. Glycosides were also detected but their concentration was below the critical value of 5 mg/100 g. Saponins were detected only in S. thurberi and C. gigantea (Table 5) . Based on its high protein content, high in vitro digestibility, high content of essential amino acids and the low content of anti-physiological factors, P. pringlei was selected for assays of in vivo digestibility. PER, NPR and digestibility were relatively high and congruent (Table 6 ). The high digestibility can be due to low levels of trypsin inhibitors and the high PER values can be due to the high content of essential amino acids. The PER recorded in this study is similar to the value reported by Valencia et al. (1985) for the same species but higher than the values reported for proteins from other wild species from the region (Thompson et al., 1978) .
Oils from the "ve species of columnar cacti were extracted with an acceptable yield, showing e$ciencies from 85 to 90%. Crude oils showed a transparent yellowish green color that after "ltration turned into a clear yellow without unpleasant odor. Oils were analyzed without being re"ned or neutralized. Most oils showed a high degree of unsaturation (Table 7) . The iodine value ranged from 95 to 118 mg KI/g; with the exception of P. pecten-aboriginum and C. gigantea, oils showed an iodine value greater than corn and rapeseed oil (108 and 115 mg KI/g, respectively; Bayles, 1979) . The above results indicate a high content of unsaturated fatty acids such as oleic and linoleic. One important feature of these oils is their low content of linolenic acid (C ), which may provide greater stability and lower processing costs as they may not need re"ning as in rapeseed oil (Ecarth, 1992) . The values of the melting point and refraction index were similar among the analyzed oils (Table 7) and within the norm established by the American Oil Chemists' Society (AOCS, 1989 and acidity values as well as the free fatty acids were low in all analyzed oils, an indication of good stability. The composition of fatty acids was similar among species (Table 8) . The most abundant fatty acids were linoleic and oleic acid. Palmitic acid was the most abundant among the saturated fatty acids, with concentrations from 5.5 to 7.0% that are lower than soybean values (8.0%, Bayles, 1979) . The concentration of oleic acid ranged from 35 to 37%, similar to sun#ower oil (34%) and higher than soybean oil (28%, Bayles, 1979) . On the other hand, linoleic acid varied from 50 to 53%, which is comparable to soybean (50%) but slightly lower than sun#ower oil (56%). One nutritionally important parameter is the ratio of polyunsaturated fatty acids to saturated fatty acids (P/S). According to the World Health Organization (WHO), oils should have a ratio equal or greater than 2 (Alfaro and Carrillo, 1994) , and all analyzed oils showed a ratio greater than 7 (Table 8 ) and were even higher than soybean oil (P/S 7.3).
This study has shown that the seeds of "ve species of columnar cacti have relatively high protein contents and that their digestibility is also relatively high. Their proteins are rich in essential amino acids and therefore have a high nutritional value. Our results have also shown that oil content in these seeds is relatively high. Studies on the stability of these oils under di!erent storage conditions are necessary in order to evaluate their potential applications. Finally, our results indicate that the seeds of columnar cacti are important sources of high-quality proteins and oils in the Sonoran desert. Given that the seeds are embedded in a sweet pulp and represent just one component of the fruit, studies on the sugar concentration and composition of the pulp are necessary in order to fully evaluate the nutritional value of these fruits and their importance as a food resource from arid lands.
